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Anodic Oxidation of Ethylenediaminetetraacetic Acid on
Platinum Electrode in Alkaline Medium
S. N. R. Pakalapati,t B. N. Popov, and R. E. White**

Department of Chemical Engineering, University of South Carolina, Columbia, South Carolina 29208, USA
ABSTRACT

The anodic oxidation of ethylenediaminetetraacetic acid (EDTA) was studied in alkaline medium on a smooth platinum electrode. Bulk electrolysis indicated that stable organic intermediates (formaldehyde and glyoxal) are formed during the oxidation of EDTA and that complete oxidation to CO2 can be achieved. The proposed pathway suggests that the
acetate groups in EDTA are initially oxidized, generating formaldehyde and ethylenediamine. The rest potential of EDTA
(0.066to 0.164 V vs. Hg/HgO) was observed to be higher than for other organic species. In alkaline medium, very little
EDTA oxidation was found to occur on bare platinum. Limiting-current behavior due to PtO formation was observed
immediately positive of the rest potential. Tafel behavior (Tafel slope 120 mV/dee) was observed in the potential region
positive of the cessation of the bulk of oxide film formation and negative of the onset of °2evolution. The reaction order
of EDTA was determined to be —0.5, and that of OW was close to zero. The reaction mechanism consistent with the
experimental data involves Temkin-type adsorption and a first-electron-transfer rate-determining step.
Introduction

diates formed during the electrolysis of EDTA, to propose

Ethylenediaminetetraacetic acid (EDTA) forms strong
metal complexes and is often used to remove scale from
heat-transfer equipment and to decontaminate equipment
exposed to radioactive material. However, the resultant
waste in the form of EDTA-metal complex is hard to treat
due to the high stability of such complexes. Electrochemical oxidation is a promising technique in the destruction
of EDTA-metal complexes, since it does not involve the
use of other chemicals. However, the design of an electrochemical reactor for such a purpose requires the study of
the oxidation reactions involved.
Very little information on the oxidation of EDTA using

behavior of EDTA on a platinum electrode, and to propose
a mechanism for the initial EDTA oxidation reaction.

platinum electrode is available in the literature. Ko-

peck'a,1 using a polarographic technique, found that the
electrolysis of EDTA on platinum in alkaline medium
yielded formaldehyde and amines. Reishakhrit et al.2 stud-

ied the oxidation of EDTA on a platinum rotating disk
electrode in acid, neutral, and alkaline media. They found

that limiting currents were attained at more positive
potentials in acid medium and at more negative potentials
in alkaline medium. In addition, the limiting current was
found to increase with pH in the range 7.9 to 12.2. The differences in polarization curves with pH were attributed to

the varying dissociation equilibria of EDTA with pH.
Similar observations were also made by Stulik and Vydra,3

who studied the polarographic behavior of EDTA on a
rotating platinum electrode. A more detailed investigation
on the oxidation of EDTA in acidic media (pH range 0.35
to 3.80) using a platinized platinum electrode was carried
out by Johnson et al. , who identified several reaction products formed during the electrolysis of EDTA, suggesting a
sequential removal of acetate groups. According to their
study, EDTA exhibits Tafel behavior (slope —120 mV/dec)
followed by limiting-current behavior during anodic polarization. No such polarization study of EDTA in alkaline
medium was found in the literature. During anodic oxidation, platinum is now well known to form a thin oxide film
at potentials above 1.0 V vs. a reversible hydrogen electrode (RHE) in both acidic as well as alkaline media.513
Hence, any interpretation of anodic polarization behavior
on platinum electrodes should consider the oxide-film formation. However, little or no mention on the oxide film for-

mation on platinum and its effect on the polarization
behavior of EDTA was made in earlier studies.'4
The purpose of this investigation was to study the oxidation of EDTA on a platinum electrode in alkaline medium with a focus on understanding the mechanism of the
initial oxidation reaction of EDTA. The specific objectives
of this work were to determine if EDTA can be oxidized
completely to C02, to detect some of the chemical interme* Electrochemical Society Student Member.
Electrochemical Society Active Member.

**

1636

a reaction pathway, to study the anodic polarization

Experimental
The electrochemical cell employed for the polarization
experiments was a conventional three-compartment design using Hg/HgO as the reference electrode and a platinum gauze with a high surface area as the counterelectrode. The experiments were carried out using a platinum
disk with a geometric area of 0.5 cm2 as the working electrode (anode). The EDTA concentration was varied from 0
to 0.263 M. The experiments were conducted using the
Model 352 SoftCorr System and Model 270 Research Electrochemistry software along with the EG&G Princeton
Applied Research potentiostat/galvanostat Model 273A at
room temperature (23 1°C).
The EDTA concentration was determined by titrating
the test solution against ZnSO4. Erichrome Black T solution (0.2 g in 100 ml deionized water) was used as the indicator. The color change at the end point was from blue to
violet red. Prior to the titration, the pH of the test solution
was adjusted to around 10 (solution turns blue). Since this
technique works on the basis of complexing the EDTA
with zinc as opposed to the separation of the species, the
method is nonspecific to EDTA and measures partially
oxidized intermediates such as ED3A, s-EDDA, u-EDDA,
and EDMA; thus, any reference in this paper to EDTA concentration in the bulk electrolysis section refers to the sum
of the concentrations of EDTA, ED3A, s-EDDA, u-EDDA,
and EDMA.

Formaldehyde was detected using the spot test

described by Feigl.'4 The following quantitative technique
based on this test was developed in order to measure the
concentration of formaldehyde. A 0.2 ml solution containing formaldehyde was taken in a 50 ml flask to which 3 ml
of concentrated H2S04 was added followed by 1 ml of 10%
chromotropic acid. The flask was then heated in a waterbath for 10 mm at 60°C. Finally, the samples were diluted
to 50 ml and analyzed using an ultraviolet-visible (UV-vis)
spectrophotometer. The peak maximum of the violet color
was observed at 575 to 590 nm. The unknown concentration of formaldehyde was determined from the calibration

curve constructed previously using standard formaldehyde solutions.
Glyoxal was detected using the spot test described by
Feigl.14 The procedure consisted of treating a drop of the

test solution with 2-aminophenol and ignited calcium
oxide. In the case when the test solution contains glyoxal,
an intense red color appeared within a few minutes due to
the deposition of colored calcium salt. The reaction was
accelerated by heating the mixture.
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6000.0

Results and Discussion
Reaction pathway.—Due to relatively large molecules,
the oxidation of EDTA is expected to proceed via several
organic intermediate species. In order to detect some of
these species and to determine the extent of their forma-

5000.0

tion, bulk electrolysis was carried out in a one-liter
beaker-type cell using platinum foil (surface area,

12.5 cm2) as the anode and a platinum gauze as the cathode. The electrolysis was conducted under galvanostatic
conditions with an applied current density of 80 mA/cm2.
The initial EDTA concentration and pH were 0.041 M and
12, respectively.

The extent of formation of stable organic intermediates
during oxidation of EDTA in alkaline medium can be seen
in Fig. 1, which shows the concentrations of EDTA and
total organic carbon (TOC) as a function of the time for

4000.0
0.

0,

c

-00 3000.0
@1

c0

,

2000.0

which the solution has been electrolyzed. After 15 h of
electrolysis, EDTA was found to be destroyed (converted
to other organic species), while 50% of the TOC was still
present in the solution. This clearly indicates that stable
organic intermediates are formed during EDTA oxidation
and that the rate of oxidation of some of these intermediates may be slower than that of EDTA. This finding sug-

gests that the kinetics of the oxidation reactions of the

intermediate species must be studied as well, prior to any
design of an electrochemical reactor to be used to destroy
EDTA by oxidation.
The CO2 formed during the oxidation of EDTA stays in
the solution as carbonate ion due to the alkalinity of the
solution according to the reaction

1000.0

0.0
0.0

5.0

10.0

15.0

20.0

Time otT Electrolysis (hr)
Fig. 2. Total organic carbon and total inorganic carbon content as
a function of the lime of electrolysis.

detected in the partially electrolyzed solution of EDTA. In
[1]

addition, Lawrence et al.15 detected oxalate and formate in
similar partially electrolyzed EDTA solution, using an ion

Figure 2 shows the concentration of carbon dioxide in the
solution in terms of the total inorganic carbon (TIC) as a

chromatography technique. Figure 3 shows a possible
pathway for the oxidation of EDTA to CO2 in alkaline

2C02 + 4 OW-> 2COr + 21120

function of the time for which the solution was elec-

trolyzed. As expected, the TIC concentration increases as
the organic species in the solution are oxidized (i.e., TOC
decreases). After an initial increase, the TIC concentration
was found to remain constant, suggesting the possibility of
carbonate saturation in the solution.
Using the procedures of Feigl'4 discussed above in the

Experimental section, formaldehyde and glyoxal were

medium.
Figure 4 shows the concentrations of formaldehyde and
EDTA as a function of the time for which the solution was
electrolyzed. The concentration of formaldehyde was found
to increase from zero to a maximum value at a time corresponding to the complete conversion of EDTA to other intermediates. The increase in the concentration of formaldehyde
during the initial period of EDTA oxidation, the observed
maximum concentration of formaldehyde at a time corre-

sponding to the complete conversion of EDTA, and the
absence of formaldehyde thereafter, suggests that the acetate
groups in EDTA are initially oxidized, yielding formaldehyde in a manner similar to that in acidic media,4 i.e.
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Fig. 1. Percent initial EDTA concentration and percent initial total
organic carbon content remaining in the cell as a function of the
time of electrolysis.

dioxide
Fig. 3. Possible reaction pathway for the complete oxidation of
EDTA in alkaline medium.
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H2NCH2CH + 2 OW —+ H2NCH CH + H20 + 2e
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(Glyoxal)
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00
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-

HC—O
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[7]

00

HC—C----0 + 30W — 0—C—C—0 + 21120+ 2e [8]
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C)

C

00

(Oxalate)

The two species, glyoxal and oxalate, predicted by the
above mechanism were detected during the oxidation of
EDTA in alkaline solution, suggesting that EDTA oxida-

tion may follow the mechanism presented above. The
oxalate thus formed is oxidized to CO2 17 as follows

00

0.0
0.0

5.0

15.0

10.0

Time of Electrolysis (hr)
Fig. 4. Concentrations of EDIA and formaldehyde as a function of
the time of electrolysis.

C112C00

OOCCH2

0—C—C—0 —

[9]
2C02 + 2e
(Oxalate)
The formaldehyde formed during the initial oxidation of
EDTA is oxidized to formate according to the reaction
HCHO + 3 OW -* 11C00 + 21120 + 2e
[10]

Buck and Griffith18 proposed the following mechanism for

\
/ + OW
NCH2CH2N
I
CH2COO

the oxidation of formaldehyde to formate in alkaline
medium on a platinum electrode

00CC112

(EDTA)

HCHO + 1120 P C112(OH)2

[11]

CH2(0H)2 + OW P C1120110 + 1120

[12]

Pt

OOCCH2

,,'
\
NCH2CH2N
/

00CC112

CH2OHO — 611O110(ads) + H(ads)
moderate

H

+ HCHO [2]

[13]

slow

.

CHOHO(ads) + OW — HCHOO + H20 + e

[14]

fast

CH2COO

H(ads) + OW — H0 + e

(ED3A)
+ CO2 + 2e

The number of electrons participating in the initial
EDTA oxidation reaction was determined by electrolyzing

EDTA solution under constant current conditions and

measuring the CO2 content in the alkaline solution using
TIC analysis. According to Eq. 2, 1 M of CO2 is expected to

[15]

Formate is generally less electroactive than other organic
species and can be expected to be oxidized to CO2 according to the reaction18

11C00 + oW -+ CO2 + 1120 + 2e

[16]

be produced per 2 F of charge passed. Efficiencies less
than 100% (based on Eq. 2) were found, indicating that
two electrons may be participating in the initial EDTA
oxidation reaction.
The acetate groups on ED3A can be expected to be

The overall EDTA oxidation reaction may be written as

yielding U-EDDA, (OOCCH2)2NCH2CH2NH2 [or s

period of time to determine if the EDTA is completely oxidized to CO2. As shown in Fig. 5, the TOC was found to

oxidized sequentially in a manner similar to Eq. 2,

EDDA, (tOCCH2)HNCH2CH2NH(CH2COO1]; EDMA,

H2NCH2CH2N11 (CH2COO); and ethylenediamine
H2NCH2CH2NH2.

The oxidation of ethylenediamiiie was studied by Rozhkova et a!.,18 who suggested the following reaction pathway
as one of the possible mechanisms for its oxidation
OH

H2NCH2CH2NH2 + 2 OW — H2NCH2CHNH,
+ 1120 + 2e
OH

[3]

0
I

I

H2NCH2CHNH2 — H2NCH2CH + NH3

[4]

(C10H2208N2)4 + 50 OW -* 2NH3

EDTA anion

+ 10 C0- + 281120 + 34e [17]
Electrolysis of EDTA was carried out for an extended

approach zero concentration, suggesting that EDTA is
completely oxidized without any refractory intermediates.

The decrease in pH of the solution (Fig. 5) is due to the
consumption of OW during EDTA oxidation (Eq. 17) and
the direct oxidation of OW to oxygen.
Rest potentials—The rest potential measurements were
carried out in a three-compartment cell using a platinum
disk electrode of area 0.5 cm2. After the initial cleaning,
any oxide buildup on the electrode was reduced by applying a potential close to the hydrogen-evolution potential
(—0.650 V vs. Hg/HgO). Nitrogen gas was bubbled through

the solution prior to and during the rest-potential measurements. The rest potential of the platinum electrode was
first determined in NaOH solution (pH 12) and in the
absence of EDTA to be 0.190 V vs. Hg/HgO reference elec-

Downloaded 22 Jul 2011 to 129.252.86.83. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp

J. Electrochem. Soc., Vol. 143, No.5, May 1996 The Electrochemical Society, Inc.

trode. According to Damjanovic et at.,'2 the PtO formation
commences at about 1.0 V vs. RHE. On a Hg/HgO scale,
this potential (1.0 V vs. RHE) in pH 12 solution is 0.193 V,

which is close to the rest potential measured in the supporting electrolyte. Hence the rest potential measured in
the absence of EPTA in the electrolyte is suspected to be
primarily due to PtO formation together with the reduction of oxygen on the electrode surface.
The pH of the electrolyte in the first set of rest-potential
measurement experiments was maintained at 12 and the
concentration of EDTA in the electrolyte was varied from
0.001 to 0.316 M. As shown in Fig. 6, the rest potential
decreases with the addition of EDTA in the solution, indicating that the open-circuit potential of EDTA is less than
0.190 V. The observed rest potential for EDTA in alkaline
solution (0.066 to 0.164 V vs. Hg/HgO) is higher than the
rest potential of other organic compounds in alkaline
medium. For example, in 1 N NaOH, the rest potentials of
methanol, acetylene, and ethylene reported in the literature are —0.441 V, —0.481 V, and —0.461 V 22 vs. Hg/HgO,

respectively. Similar observation of EDTA oxidation
occurring at higher potentials than other organic compounds in acidic media was made by Johnson et at.4 In
alkaline medium, since the observed rest potentials for

EDTA are close to the potential at which oxide film formation commences, little or no oxidation of EDTA on bare
platinum is expected.

The rest potential measured at a constant EDTA concentration of 0.056 M showed little variation with pH
(Fig. 7). The dependence of the rest potential on EDTA

concentration and not on pH suggests that the initial electrochemical reaction involves EDTA species and not OW
ions. Thus the rest potential may reflect a reaction such as
CH2COO
R, CH2 + CO2 + e
[18J

- -

-

The Nernst equation for the above reaction (Eq. 18) can be

written as

E = E°

—

0.059

1 log [t__—

CH2COO

1

CH2.][C02]j

[19]

As in the case of acidic media,4 the lack of knowledge of
the concentrations and free energies of R, — CHç and CO2
precludes the calculation of the open-circuit potential of
EDTA and its comparison with the measured rest potential. However, assuming the concentrations of R1 — CH2
and CO2 to be small and constant, Eq. 19 provides a relation between the rest potential and the concentration of
EDTA

E=

— 0.0591 log [R, —

CH2CO0]

1639

tion to the total current can be seen in Fig. 9 to become
smaller at higher EDTA concentrations. For example, at
1.5 V vs. Hg/HgO in the absence of EDTA in the electrolyte, the current due to 02 evolution is about 0.4 mA,
compared to 18.2 mA at a concentration of 0.263 M. The
voltammograms did not show any large diffusion-controlled peak in the presence of EDTA. A small peak at 1.15 V
vs. Hg/HgO was observed at lower EDTA concentrations.

Figure 10 shows the cyclic voltammograms obtained at
pH 12 in the presence of 0.105 M EDTA. The scan rates
were varied from 5 to 100 mV/s. The increase in the limiting current with scan rate shows that the process is diffusion controlled. The Levich equation was tested by studying the variation of current density with the square root of
rotation speed (Fig. 11). The linear dependence observed in

Fig. 11 indicates that the Levich equation holds true and
that EDTA oxidation at high overpotentials is controlled
by diffusion of EDTA electroactive species.

Polariration measurenzents.—Unlike in acidic media,
the polarization behavior in alkaline media is more complicated due to interference of oxygen evolution and oxide
film formation on the electrode. In order to identify the
potential region where EDTA polarization behavior could
best be studied without the interference of oxygen or oxide
film formation, potentiodynamic scans (1 mV/s) were
obtained in the presence and absence of EDTA in pH 12

solution. As seen in Fig. 12, the current density in the
absence of EDTA in the electrolyte is almost an order of

magnitude lower than in the case when 0.2 63 M EDTA was

present in the electrolyte, suggesting that 02 evolution
does not significantly influence EDTA polarization behav-

ior. Also, as shown in Fig. 12, in both cases (i.e., in the
presence and absence of EDTA) limiting currents were
observed immediately positive to the rest potentials. A
similar current plateau in alkaline medium due to oxide
film formation was earlier observed by Damjanovic et aL12

at potentials just above 1.0 V vs. RITE (corresponding to
0.193 V on a Hg/HgO scale) . This potential is close to the
rest potential observed in both cases (i.e., with and with-

out EDTA), clearly indicating that the limiting current

behavior observed in the presence of EDTA immediately
positive to the rest potential is due to oxide film formation. Johnson et at.4 also observed limiting currents when
EDTA was oxidized in acidic media around 1.0 V normal
hydrogen electrode (NHE), and found that these limiting
currents do not obey linear relationships with EDTA concentrations. The authors attributed this phenomenon to

[20]

12.0

The slope of 59.1 mV predicted by Eq. 20 agrees closely
with the measured slope of 53.5 mV (Fig. 6).
Cyclic voltammetry.—Since the current due to 02 evolution cannot be completely avoided in alkaline solutions at
higher anodic potentials, an effort was made in this work

to reduce its interference by choosing a suitable pH.

Figure 8 shows cyclic voltammograms on a platinum disk
electrode obtained at pH values of 13.5, 13, 12, 11, and 10.
As expected, the current due to oxygen evolution at pH
values of 10, 11, and 12 is much smaller than at 13, and
13.5, suggesting that it would be beneficial to study EDTA
oxidation at lower pH. However, tetrasodium EDTA, being
a basic salt, forms a pH 11.3 solution when it is dissolved

in water. Hence the pH of the solution cannot be made

11.0

a0.
0.
10.0

.0

0

(2
C,

C

0

0

9.0

0

H

below 11.3 without adding other species (e.g., H2S04, HCI,
or HNO2). A pH of 12 was therefore chosen throughout this

6.0

study in order to decrease the oxygen evolution and to
investigate the EDTA oxidation without the interference

of anions other than EDTA.
The predominance of EDTA oxidation over oxygen evo-

5.0

lution at higher anodic potentials can be seen in Fig. 9,

15.0

20.0

25.0

7.0
30.0

Time of electrntysis (hrs)

which shows cyclic voltammograms obtained using a plat-

inum electrode in NaOH solution (pH 12) for different
EBTA concentrations. The contribution of oxygen evolu-

10.0

Fig. 5. Total organic carbon and pH as a function of the fime of
elecfrolysis.
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250.0

the bulk was gradually increased. As seen in Fig. 13,
increasing the EDTA concentration has an effect of

200.0

limitations), and finally at 0.2 63 M EDTA, a Tafel slope of
119 mV/dec was observed.
In Fig. 14, log i is plotted as a function of log CEDTA at
constant pH 12 for three different potentials (0.7, 0.8, and

"steadying" the Tafel slope (due to decrease in diffusion

0

0.9 V vs. Hg/HgO) in the diffusion-limiting region. The
concentration dependence (reaction order) of the EDTA
electroactive species was obtained from the slope of the
plot in Fig. 14 to be

150.0

Reaction order for EDTA

E

100.0

=

=

log i

= 0.54

[21]

log CEDTA )T,P,E,PH

Since the EDTA concentration effect is positive, the ratedetermining step (rds) involves EDTA species.
Figure 15 shows the potential vs. log i dependences as a
function of pH. The experiments were carried at constant

50.0

EDTA concentration of 0.263 M, using a scan rate of 1 mV/s.
As shown in Fig. 15, the reaction order of OW was close to

L..

0.0

-3.0

—2.5

—2.0

—1.5

Log

—1.0

—0.5

0.0

CE

Fig. 6. Variation of rest potential with EDTA concentration.

zero in the Tafel region, indicating that the rds of EDTA
oxidation does not involve OW species. At high overpotentials (0.65 V to 1.0 V vs. Hg/HgO), oxygen evolution
becomes significant, and as shown in Fig. 15, the limit-

ing-current density increases with an increase of OW
concentration.

the preferential participation of some of the EDTA species.

Since oxide films are also formed in acidic media at 1.0 V

RHE (i.e., 1,0 V NHE at pH 0), the limiting currents
observed by Johnson et al.4 were probably due to PtO formation as well.
Figure 13 presents polarization curves obtained in pH 12
solution as a function of EDTA concentration. Note that

Reaction mechanism for the oxidation of EDTA.—The
oxidation reaction of EDTA to ED3A in alkaline medium
can be written as

the starting potentials shown in Fig. 13 are above the
potential range where bulk of the oxide film is formed. As
shown in Fig. 13, the current density and Tafel slopes were
found to depend upon the concentration of EDTA in the
electrolyte. This is due to the fact that the applied potential was at least 300 mV above the rest potential, where a
diffusion limitation could be expected. In order to minimize diffusion limitations, the concentration of EDTA in

E
C

U,

U

200.0

Potential, Vvs. H9/HgO

Fig. 8. Cyclic voltammograms as a function of pH in NaOH solution (no EDTA) using a platinum electrode.
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Fig. 9. Cyclic voltommograms as a function of EDTA concentration
in NaOH solution (pH 12) using a platinum electrode.
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R

B

\
NCH2COO

I

+ OW - NH + HCHO + CO2 + 2e

B'

[221

R'
(ED3A)

(EDTA)

suggests that the rds involves EDTA species. Based on
these conclusions and the information obtained from the
reaction-order study, the Tafel-slope and the rest-potential studies, the following mechanism is suggested for the
initial oxidation reaction of EDTA in alkaline medium
R

Note that in alkaline media of pH 12, EDTA is pri-

\

R

/
R'

k1/R'

NCHZCOO

marily in the form of Y4 species.
According to our studies, the following qualitative conclusions can be drawn about the reaction mechanism of
EDTA oxidation in alkaline solution: (i) the observed maximum formaldehyde concentration at a time corresponding to complete conversion of EDTA to other species suggests that acetate groups on EDTA are initially oxidized in
a sequential manner yielding CO2 and HCHO. From CO2
efficiency studies it appears that two electrons are trans-

NCH2COO(ads)

R

R

k2\
NCH2COO(ads) —+ NCH
,
/
rds/
R

R

\

NcH;(ads) -.
I

R'

reactant during or prior to the rds. (iii) The fractional concentration effect of EDTA indicates that EDTA species are
adsorbed. (iv) The positive concentration effect of EDTA

R
+

N—CH2

/
B'

N =CH2 + e

—

[25]

/
R'

R

R

\
I
B'

\.+

N =CH2 + H2O - NCH2OH

/
R'
13

+H

[261

W+OW-H2O

[271

R

R

\
\
NCH2OH NH + HCHO
/
/
R'
R'

7

C

2

5

[241

R'

ferred to the faradaic circuit during the reaction. (ii) A
positive pH effect in the initial EDTA oxidation was not
observed, indicating that OW ion is not involved as a

E

(ads) + CO2 + e

-

[281

The observed fractional reaction order of EDTA indicates
that intermediate coverages are involved where Temkin
isotherm is often assumed. For the rds in the above mech-

C-,
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Fig. 10. Cyclic vohammograms as a function of scan rate in

I
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NaOH solution (pH 12) and with an EDTA concentration of 0.105 M
using a platinum electrode.
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anism, Temkin-type adsorption gives a Tafel slope of

120 mV and a fractional dependence upon EDTA concentration. Thus, the rate of the first reaction (Eq. 23) may be

written as
=

k1C exp

k exp [(1 — RT] [29]

=

1 .4

00'

I

SccnRale:1 mV/s

1 .3

1.2
1.1

V

1 .0

0.9

or

(rO =

exp (j-j

'2

Ic1

[301

The rate of the rds Eq. 24 can be written as

=

Ic2

I
rOl
(ER
exp L' — P)Tj exp

=

nFr2

=

aRk2

exp [u—

)] exp

[321

Substituting Eq. 30 into Eq. 32 gives

0.8
0.7
0.6
0.5
0.4
—5

[31]

where 3 is the symmetry factor and r is the rate of change
of Gibbs energy of adsorption with coverage. The current
density is given by

j
I

1 .5

—4

—3

—2

Leg I, A/cm2

—1

Fig. 15. Potentiodynamic scans using a platinum electrode (variation with pH). EDTA concentration 0.263 M.

Rest potentials of EDTA were observed to be higher than
the rest potentials of other organic compounds in alkaline
medium. The observed rest potential of EDTA was close to
the potential at which oxide film formation commences
(i.e., 1.0 V vs. RHE). Small limiting currents immediately

after the rest potential were observed and attributed to

( ER
(k1Y
i =nFk2_-)
CEDTA exp
-

[331

Assuming the symmetry factor, 3, to be 0.5, the Tafel slope
is b = 2.3RT/13F = 120 mV, and the reaction order for initial EDTA oxidation is: ( log i/3 log CEDTA)tPflE = 0.5, which
agrees well with the experimentally determined values of
119 mV and 0.54, respectively.

oxide film formation.
A Tafel slope close to 120 mV was observed in the potential region above the oxide film formation. The reaction

order of the rds with respect to EDTA was found to be
054, while the reaction order with respect to OW was
close to zero. The electrochemical kinetic data indicated
Temkin-type adsorption of the EDTA species followed by
the first electron rate-determining decarboxylation step.

Acknowledgments
Conclusions
We would like to acknowledge Dr. David Hobbs at the
Bulk electrolysis of EDTA in alkaline medium showed Westinghouse Savannah River Company for the TOC
that EDTA can be completely oxidized to CO2. A possible
In addition, we gratefully acknowledge the fundreaction pathway suggests that the acetate groups on analysis.
ing provided by the Office of Technology Department,
EDTA are sequentially oxidized, generating ethylenediOffice of Environmental Management through the Efficient
amine which is further oxidized to CO2 via glyoxal and
Separations and Processing Crosscutting Program, Teresa
oxalate. The formaldehyde generated is oxidized to CO2
B. Fryberger, Headquarters Program Manager, and Allison
via formate ion.
M. Blackmon, Cognizant Technical Program Officer.
Manuscript submitted Oct. 10, 1995; revised manuscript
received Jan. 17, 1996.

—2.0

The University of South Carolina assisted in meeting the
publication costs of this article.
—2.5

REFERENCES
1. L. Kopeck'a, Chem. TAsty, 50, 1085 (1956).

2. L. S. Reishakhrit, V. N. Martynova, and Z. I.
Tikhonova, Ser. Fir. Khim, 1, 146 (1965).

6U

3. K. Stulik and F Vydra, J. Electroanal. Chem. Inter-

a. —3.0

4. J. W. Johnson, H. W. Jiangs, S. B. Hanna, and W. J.

0

James, This Journal, 119, 574 (1972).
5. K. J. Vetter and J. W Schultze, J. Electroanal. Chem.

facial Electrochem., 10, 385 (1968).

-4

Interfacial Electrochem., 34, 131 (1972).
6. 5. H. Kim, W. Paik, and J. O'M Bockris, Surf. Sci., 33,
617 (1972).

7. H. Angerstein-Kozlowska, B. E. Conway, and W. B. A.

—3.5

Sharp, J. Electroanal. Chem. Interfacial Electro-

chem., 43, 9 (1973).
8. A. Damjanovic, A. 11 Ward, and M. O'Jea, This Journal,
121, 1186 (1974).

9. A. Damjanovic, A. T. Ward, B. Ulrick, and M. O'Jea,
—4.0

—2.5

—2.0

—1.5

—1.0

—0.5

0.0

123, 1599 (1976).

11. D. Gilroy, J. Electroanal. Chem. In.terfacial Electro-

Log cEDTA

Fig. 4. Log i as a function of log Cwa at constant pH
ferent values of potential.

ibid., 122, 471 (1975).
10. A. Ward, A. Damjanovic, E. Gray and M. O'Jea, ibid.,

U for dif-

12.

chem., 71, 257 (1976).

A. Damjanovic, L. S. F. Veh, and J. F. Wolf, This
Journal, 127, 874 (1980).

Downloaded 22 Jul 2011 to 129.252.86.83. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp

J. Electrochem. Soc., Vol. 143, No.5, May 1996 The Electrochemical Society, Inc.

13. A. Damjanovic, L.-S. R. Yeh, and J. F. Wolf, ibid., 127,
1945 (1980).

14. F. Feigl, Spot Tests in Organic Analysis, 7th ed.,
Elsevier Publishing Co., Amsterdam (1966).
15. W E. Lawrence, J. E. Surma, M. F. Buehler, J. H.

Sukamto, G. Pillay, K. L. Gervais, K. N. Sasser, and
M. D. Ryder, Electrochemical Organic/Complexant

Destruction in Hanford Tank Waste Simu-

lants—Final Report, Pacific Northwest Laboratories
(December 1994).
16. G. A. Rozhkova, N. V. Gudin, and A. V. I1'yasov, Tr.

1643

Kazan. Khim.-Tekhnol. Inst., 36, 188 (1967).
17. J. Marsen, J. T. Hinatsu, J. W. Smith, and F. R. Foulkes,
Can. J. Chem. Eng.,71, 218 (1993).
18. R. P. Buck and L. R. Griffith, This Journal, 109, 1005
(1962).

19. J. E. Oxley, G. K. Johnson, and B. T. Buzaiski,
Electrochim. Acta, 9, 897 (1964).
20. J. W. Johnson, H. Wroblowa, and J. O'M. Bockris, ibid.,
9, 639 (1964).

21. M. Green, J. Weber, and V. Drazic, This Journal, 11,
721 (1964).

Downloaded 22 Jul 2011 to 129.252.86.83. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp

